Influence of Hair Growth Cycle on Melanocyte Activation in Rabbit Skin After a Single Application of Methylcholanthrene11From the Biological Station, Roswell Park Memorial Institute, Springville, New York. Presented, in part, at the Annual meeting of The American Association for Cancer Research, April 8–10, 1960, Chicago, Illinois.  by Quevedo, Walter C & Isherwood, James E
INFLUENCE OF HAIR GROWTH CYCLE ON MELANOCYTE
ACTIVATION IN RABBIT SKIN AFTER A SINGLE
APPLICATION OF METHYLCHOLANTHRENE*
WALTER C. QUEVEDO, Jn., Pn.D.t AND JAMES E. ISHERWOOD, B.S.t
Topical applications of chemical carcinogens
and of certain other chemical agents may elicit
hyperpigmentation of the skin in a variety of
animal species (1—11). In mice, where this process
has been extensively studied, hyperpigmentation
of the general body skin following painting with
chemical agents apparently results from the
activation of normally nonpigmented (precursor)
melanocytes situated in the basal layer of the
epidermis, dermis, and external root sheaths of
hair follicles (1, 8, 10—12). Once activated, these
melanocytes synthesize granules of melanin pig-
ment, which may subsequently be deposited in
neighboring epithelial cells, the accumulation of
sufficient amounts of pigment within melanocytes
and epithelial cells giving rise to detectable
hyperpigmentation. Depending on the animal
species, the chemical agent employed, and the
duration of treatment, all or only certain types
of precursor melanocytes appear to be stimulated
to melanogenic activity.
Although advanced stages in the evolution of
skin hyperpigmentation have been extensively
studied, relatively little is known concerning the
early changes in melanocytes after exposure to
chemical carcinogens. Additionally, whereas there
is considerable evidence that the response of skin
to various chemical and physical agents is
markedly influenced by the stage of development
of hair follicles (12—19), the relationship of
melanocyte activation to hair growth status in
treated skin has not been established. Further
knowledge of the effects of chemical carcinogens
on normal melanocytes would appear to be of
importance, particularly in view of reports that
they may specifically elicit production of mela-
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nomas (1, 20, 21) and certain other melanotie
skin lesions (1—8).
In the present study, early pigmentary changes
were examined in the skin of pigmented rabbits
following a single application of the carcinogen
3-methylcholanthrene. Evidence to be presented
demonstrates that the response of precursor
melanoeytes to methyleholanthrene differs during
the quiescent and active phases of the hair growth
cycle.
MATERTALS AND METHODS
Twenty-one black and black-agouti male Dutch
rabbits' approximately 5 months of age were em-
ployed in this study. Seven days prior to treat-
ment, the dorsal pigmented hairs on each animal
were either manually plucked from the skin or
shaved with electric clippers over an area measur-
ing ca. 11 cm. x 11 cm. At the time of plucking or
clipping, the dorsal hair follicles of all rabbits
were quiescent, as indicated by the light pink color
and thinness of the skin. Since plucking of quies-
cent hairs initiates hair regrowth and clipping does
not, the dorsal hair follicles of each animal were
either uniformly growing (anagen stage) or quies-
cent (telogen stage) when the carcinogen was
applied (19, 22). The skin was given one thorough
painting with a 0.6% solution of 3-methylchol-
anthrene (MC) (Eastman) in thiophene-free
benzene applied by means of cotton swabs. An
attempt was made to standardize the manner of
applying the carcinogen by adopting a uniform
brushing procedure.
Development of hyperpigmentation was
studied in 4 groups of rabbits treated as follows
(hair development as indicated in parentheses):
I. Four rabbits (anagen stage) and five rabbits
(telogen stage) painted with MC, biopsy speci-
mens of skin removed on the first day after
treatment and then generally on alternate days for
a total of 7 specimens per animal. II. Two rabbits
(anagen stage) and one rabbit (telogen stage)
painted with MC, skin biopsy specimens removed
'Dutch rabbits characteristically have a band
of white hairs encircling the neck, but the major
portions of the dorsum and ventrum are covered
by pigmented hairs. All treatments were restricted
to regions of the dorsum bearing pigmented hair
follicles.
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daily for 7 days starting with the first day after
treatment. III. Two rabbits (anagen stage) and
two rabbits (telogen stage) painted once with
benzene, skin biopsy specimens removed according
to Group I schedule. IV. Three rabbits (anagen
stage) and two rabbits (telogen stage), untreated,
skin biopsy specimens removed as in Group I.
Skin biopsy specimens measuring ca. 15 mm. x
15 mm. were removed from rabbits while under
ether anesthesia. Two-thirds of each skin specimen
was fixed directly in Bouin's fixative; the
remainder was first incubated in DOPA-reagent
(buffered solution of DL-3,4-dihydroxyphenyl-
alanine) according to the procedure of Becker (23).
Employing routine histological technics, paraffin
sections 5 jz thick were made, with particular care
being taken to obtain longitudinal sections of hair
follicles. After clearing and rehydration the sec-
tions were stained with Mayer's alcoholic carmine.
Activated melanocytes were counted in skin speci-
mens treated with DOPA-reagent. For each biopsy
specimen, three sections (totaling approximately
2 cm. in length) were selected at sufficient intervals
so as to prevent overlap in cell counts. The total
number of activated melanocytes was determined,
and the results were expressed as the average num-
ber of melanocytes per cm. length of tissue section.
Follicular melanocytes, which normally are
melanogenic during the anagen stage of the hair
growth cycle, were not included in the counts of
activated melanocytes.
RESULTS
During the anagen stage of the hair regrowth
cycle, melanoeytes are normally restricted to the
upper hair bulbs, where they deposit pigment
granules in epithelial cells which are subsequently
incorporated into the developing hair shafts (Figs.
la, 2). Elsewhere in the general body skin,
melanoeytes generally are nonpigmented and fail
to react with DOPA-reagent. During the telogen
stage, hair follicles are in a quiescent state, and
essentially all melanocytes of the skin are non-
pigmented and DOPA-negative (Fig. ib). Den-
dritie pigmented cells arc occasionally encoun-
tered in the connective tissue sheaths of hair
follicles of untreated and treated skin (Fig. 3)
After a single application of MC, new melanotic
melanocytes soon become evident in the upper
external root sheaths2 of hair follicles (Fig. 4) and
in the basal layer of the epidermis (Fig. 5).
2 Throughout this paper the term "upper ex-
ternal root sheath" is used to designate that por-
tion of the hair follicle directly contiguous with
the surface epidermis and extending from the free
epidermal surface down to about the level of the
sebaceous glands.
Although there were considerable differences
among animals in the total numbers of precursor
melanocytes activated by MC, certain definite
trends were clearly evident. The time of onset of
hyperpigmentation in the cpidermal basal layer
and external root sheaths was related to the stage
of hair growth when the carcinogen was applied.
In the rabbits of Group I painted during the ana-
gen stage of the hair growth cycle, a definite
increase in number of melanotic melanocytes was
observed by the third day after treatment (Fig.
6). Melanin granules were then evident in melano-
cytes of skin prepared with or without DOPA-
treatment. The number of activated precursor
melanocytes reached a maximum between 5 to 7
days after painting with MC, and then generally
decreased. In contrast to these findings, among
Group I rabbits painted during the telogen stage
of the hair growth cycle, no mclanocytes were
observed in biopsy specimens obtained on the
third day, but they were present in the next
biopsy specimens removed S or 6 days after
treatment (Fig. 7). The number of melanocytes
subsequently reached a maximum 6 to 11 days
after painting and then decreased.
When skin biopsy specimens were removed
daily after a single painting with MC (Group II),
melanocytes were also observed earliest in the
rabbits painted during the anagen stage of the
hair growth cycle (Fig. 5). Skin specimens from
two rabbits painted with MC during the anagen
stage revealed a definite activation of melano-
cytcs by the third day, apparently reaching a
maximum by the fourth or fifth day after treat-
ment. In the single rabbit painted during the
telogcn stage, a significant activation of melano-
cytes was not observed until the sixth day after
treatment.
In rabbits of Group I, hair follicles of skin
painted with MC during the telogen stage did
not remain quiescent. A new hair growth was
observable histologically in biopsy specimens of
the fifth and subsequent days, and thus coincided
with the appearance of activated precursor
melanocytcs within the epidcrmal basal layer
and external root sheaths. Definite cpilation of
club hairs from quiescent follicles was evident to
gross inspection between 7 and 10 days after
painting. In rabbits of Group I painted during
the telogen stage, regenerating hair follicles in
skin biopsy specimens removed 5 or 6 days after
treatment corresponded to the hair growth cycle
FIG. 1. Normal skin from the black Dutch rabbit: a. Anagen stage of hair growth cycle. b. Telogen
stage of hair growth cycle. X 40.
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FIG. 2. Pigmented hair bulb. Numerous melanotic dendritic melanoeytes border the papilla cavity in
the upper bulb. X 267.
FIG. 3. Dendritic melanotic melanocyte (arrow) in connective tissue sheath below papilla of quiescent
hair follicle. Biopsy specimen removed fifteen days after single application of benzene to skin with
telogen hair follicles. X 267.
FIG. 4. Activated precursor melanocyte in upper external root sheath. Biopsy removed five days
after single application of MC to skin with anageu hair follicles. X 267.
FIG. 5. Activated precursor melanocyte at junction of epidermis and dermis. Biopsy removed nine
days after single application of MC to skin during auagen stage of hair growth cycle. X 267.
sub-stage Anagen III of Chase (22). Biopsy
specimens from the single rabbit of Group II
painted during the telogen stage showed no new
hair growth histologically; when the final biopsy
specimen was removed on the seventh day, the
hair follicles were still ill-defined cords of hyper-
trophic cells.
It is noteworthy that the majority of activated
melanocytcs in skin painted with MC during
either the anagen or telogen stage were situated
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in the external root sheaths of hair follicles.
Generally, less than 25 per cent of the total
number of melanocytes for a given cell count
were found in the basal layer of the epidermis.
Damage to the skin of rabbits following appli-
cation of MC was similar to what has been pre-
viously described for the mouse (12, 17), al-
though in the present study the effect of hair
growth on this process did not appear to be quite
ns striking. Regardless of the stage of hair growth
when the carcinogen was applied, there was an
initial hypertrophy of cpidermal cells. Tn 4 of 6
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Fm. 6. Activation of precursor melanocytes in rabbit skin after single application of MC during
anagen stage of hair growth cycle (Group I). Each curve represents quantitative changes in activated
melanocytes of serial skin biopsies from a single rabbit.
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Fm. 7. Activation of precursor melanocytes in rabbit skin after single topical application of MC
during telogen stage of hair growth cycle (Croup I).
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Fio. S. Activation of precursor melanocytes
after single painting of rabbit skin with MC
(Group II). Stage of hair growth as indicated, andbiopsies of skin removed daily for indicated
period.
rabbits painted during the anagen stage and in 5
of 6 rabbits painted during the telogen stage,
there was evidence of separation of epidermis,
with only the most basal layers remaining at-
tached to the dermis. In some cases, the splitting
of epidermal layers from the skin was extensive;
in others, it was restricted to regions immediately
adjacent to hair follicles. Subsequently, there was
a hypertrophy and hyperplasia of cells of the free
epidermis and the upper external root sheaths
of hair follicles. ilyperkeratosis was frequently
observed in the free epidermis and the external
root sheaths.
The hypertrophic and hyperplastie alteration
of epithelial cells was appreciably less and per-
sisted for a shorter period of time in skin painted
during the anagen stage. With the exception of
pigmentary changes, skin treated during the
anagen stage was approximately normal in
appearance by 5 to S days after treatment. Skin
painted during the telogen stage approximated
the normal condition by 11 days at the earliest
and in some eases amelioration of the damage was
not complete when the final biopsy was removed
on the fourteenth or seventeenth day following
treatment. As noted above, the hair follicles
were then no longer quiescent but at an advanced
stage of hair growth.
The striking increase in melanotie melanoeytes
in the external root sheaths of hair follicles and
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FIG. 9. Effect of single application of benzene
and/or wounding on precursor melanocytes in
rabbit skin (Groups III and IV).
the basal layer of the epidermis was clearly
associated with MC treatment. In biopsy speci-
mens of untreated skin, only a few activated
melanocytes were noted during the anagen stage
of the hair growth cycle. None was observed in
skin with telogen hair follicles (Fig. 9). Similarly,
relatively few activated melanocytes were ob-
served in skin biopsy specimens removed after a
single application of benzene (Fig. 9). In one of
two rabbits painted with benzene during the
telogen stage, evidence of new hair growth was
definitely present by the fifth day after treatment.
The hair follicles of the second rabbit remained
quiescent throughout the period of observation.
DISCUSSION
Reynolds (11) has elegantly demonstrated that
melanoeytes are a "constant ingredient" of the
epidermis of mice. She showed that the presence
of precursor melanocytes in the general body
skin of mice could be revealed either by staining
with vital dyes or by painting the skin with
chemical irritants which stimulated the "latent"
melanocytes to begin pigment synthesis. The
results of the present study are compatible with
the view that a similar system of latent melano-
cytes is also associated with the epidermis and
its derivatives in rabbits.3
Cleffman-Brenner (7) found in mice repeatedly
painted with MC that activated melanoeytes
appeared first in the external root sheatbs, next
in the epidermal basal layer, and last in the
dermis. She suggested that this may represent
the sequence in which MC penetrates skin. A
Cf. Peck (9).
ANACEN
TELDGEN MC
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similar trend was noted in the present study.
After a single painting of rabbit skin with MC,
activated melanocytes were found to be localized
primarily in the upper external root sheaths of
hair follicles and to a lesser extent in the
epidermal basal layer. No significant activation
of dermal melanocytes was noted during the
period of observation. Szabo (8) has recently
suggested that dermal pigmentation in carcino-
gen-painted mouse skin may not reflect the
activation of dermal melanocytes but rather the
release of follicular melanocytes into the sur-
rounding dermis.
The mechanism operative in the activation ol
melanocytes by MC is obscure. Rothman and his
co-workers (25—27) have suggested that sulfhy-
dryl compounds normally prevent melanogenesis
by epidermal melanocytes in human and rabbit
skin. The tanning of skin following exposure to
ultraviolet light or ionizing radiations (24) is
attributed to the removal of melanogenic inhibi-
tion by the binding of free sulfhydryl groups
(—811) into disulfide linkage (—S-—S—) (25—27).
Our results are in general agreement with the
concept of a labile inhibitor regulating the occur-
rence of melanogenesis within melanocytes of
rabbit skin. The rapid onset of melanogenic
activity within epidermal melanocytes following
MC treatment might indicate loss of the inhibi-
tory factor(s). The subsequent precipitous de-
crease in melanocyte number is suggestive of a
sndden return of an inhibitor to a level adequate
to prevent further melanin synthesis by melano-
eytes. Similarly, Cleffman-Brenner (7) reported
that when painting of mouse skin with MC was
discontinued, epidermal and root sheath melano-
eytes apparently returned to a nonpigmented
state but could be reactivated by reinitiation of
skin painting. It should be stressed, however,
that as attractive as the sulfhydryl hypothesis is,
a variety of alternative explanations fit the data
equally well. Accumulating evidence indicates
that inhibitory factors other than sulfhydryl-
containing compounds are also operative in the
regulation of melanogenesis within mammalian
skin (27, 28). Thus, on the basis of existing evi-
dence it is not clear whether MC brings about
the removal of melanogenie inhibitors or stimu-
lates synthesis of more of the pigmentogenie
enzyme tyrosinase or elicits the release of metab-
olites vital for melanin synthesis (11).
The response of precursor melanocytes to MC
appears to be influenced by the phase of hair
growth prevailing at the time the carcinogen is
applied. The earlier appearance of melanotie
melanoeytes in skin painted with MC during the
anagen stage of the hair growth cycle suggests
that precursor melanocytes may be more sensitive
to activation at a time when the melanoeytes of
the hair bulbs normally produce pigment. It is
noteworthy that significant activation of melano-
eytes in skin painted during the telogen stage
was first observed 5 or 6 days after painting when
in all but one case regenerating pigmented hair
bulbs were also present. The possible relationship
between these two events remains to be estab-
lished. Since MC in the dose employed causes
epilation of club hairs and new hair growth from
treated quiescent follicles, it would be of interest
to determine the pigmentary effects of non-
epilating agents (e.g., lower doses of carcinogens
and low-dosage chronic X-irradiation) applied
at different stages of the hair growth cycle.
It is not clear whether MC exerts its effect
directly on the precursor melanocytes or in-
directly by its action on epidermal cells. Reynolds
(11) has suggested that epidermal hyperplasia
may play an important role in the induction of
hyperpigmentation by chemical agents. Chase
and Montagna (12) have shown that MC pro-
duces less damage when applied to mouse skin
during the anagen rather than the telogen stage
of the hair growth cycle. We have obtained simi-
lar results in rabbit skin painted with MC. How-
ever, whereas mouse skin failed to show
significant damage when painted once with MO
during the anagen stage (12), considerable initial
damage was generally observed in rabbit skin
regardless of the stage of hair growth when the
carcinogen was applied. Nonetheless, the subse-
quent hypertrophy and hyperplasia of epidermal
and root sheath cells appeared to be greater and
to persist longer in rabbit skin painted during
periods of follicular quiescence. Since the absolute
dosage of MC was not determined in the experi-
ments of Chase and Montagna (12) or in the
present study, differences in the response of
mouse and rabbit skin to the carcinogen might
be the result of differences in the amount applied.
The extent of damage done to epidermal cells
by topical applications of chemical carcinogens
may be a function of the length of time they are
retained in skin. Berenblum et cii. (29), utilizing
fluorescent microscopy, reported that 3 ,4-benz-
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pyrene persisted longest in the skin of mice when
applied during the telogen stage of the hair
growth cycle. Only a low level of carcinogen was
demonstrated in sebaceous glands 2 days after
painting skin during the anagen stage, whereas a
strong reaction was evident for 10 days in skin
treated during the telogen stage.
Summing up, it would appear that carcinogen-
induced activation of precursor melanocytes may
be dependent on events including the following:
1. Direct and immediate stimulation of melano-
cytes by the carcinogen. 2. A continuing stimula-
tion of melanocytes which is dependent on the
period the carcinogen persists in the skin. 3. In-
direct effects arising from damage done to epider-
mal cells by the carcinogen. Further investiga-
tions will be necessary to determine the relative
role each of these postulated effects plays in the
evolution of hyperpigmentation.
Additional studies of melanocyte responses to
carcinogens in relation to hair growth appear to
be warranted for another reason. Shubik and his
co-workers (5, 6) have made the significant obser-
vation that painting of hamster skin with 9,10-
dimethyl-1 ,2-benzanthraeene results in the for-
mation of large numbers of melanotic skin
tumors. Recently, Ghadially and Barker (30)
have suggested that these melanotie tumors
arise from networks of dermal melanocytes
which surround certain hair follicles in hamster
skin. The presence or absence of a "hair cycle
effect" on this process has not as yet been
established.
5UMMAEY
This report deals with the influence of the
hair growth cycle on the activation of precursor
melanoeytes in rabbit skin after a single topical
application of 0.6% 3-methyleholanthrene (MC)
in benzene. The carcinogen was applied to the
dorsal skin of adult (pigmented) Dutch rabbits
when all of the hair follicles in the treated areas
were either uniformly growing (anagen stage) or
quiescent (telogen stage). Skin biopsy specimens
removed up to 17 days following painting re-
vealed that numerous normally nonpigmented
melanocytes became melanogenie, being ob-
served first in skin with growing hair follicles.
Although activated melanoeytes were observed
in the basal layer of the epidermis, the majority
were situated in the external root sheaths of hair
follicles. Cell counts showed that the number of
melanotie melanoeytes reached a maximum 4 to
7 days after treatment when MC was applied
during the anagen stage, and 6 to 11 days when
applied during the telogen stage. In both eases,
the number of melanocytes subsequently rapidly
decreased. Collectively, the results of the present
study suggest that precursor melanoeytes are
most readily activated during periods of hair
growth.
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